The use of metal galvanic zinc coatings for protection against corrosion reaches broad indicators due to their obvious advantages: simplicity of preparation, low cost, environmental friendliness, and a long period of resistance to the effects of an aggressive environment on the coating. Sulfuric electrolytes of galvanizing containing a complex of SAS used in combination with each other were investigated. Their effective influence on the protective properties and appearance of zinc coatings is shown. The qualitative and quantitative composition of zinc coatings on a JSM-6 490 LV raster electron microscope with the systems of energy dispersive microanalysis of INSAEnergu and HKL -Basicc structural analysis with a useful magnification of 300,000 was investigated. Obtained non-porous, fine-crystalline, dense, bright galvanic zinc coatings from electrolytes with surfactants with good adhesion to the base, a comparison of their quality is given and conclusion is made.
INTROdUCTION
In world practice, zinc metal coatings obtained by electrolytic methods are widely used to protect products from corrosion. The nomenclature and volume of products protected from corrosion are very wide. This is explained by the chemical and physicochemical properties of electrolytic zinc coatings obtained using SAS 1 .
Existing modern technologies for producing protective zinc coatings provide for the choice of the technology that would satisfy all consumer requirements: increasing the service life of the coating, giving a marketable appearance to the coating, creating uniformity and resistance to peeling from the substrate (adhesion). The existing methods of thermal diffusion, hot, cold, gas-thermal, electrolytic galvanizing have their advantages and disadvantages: in the thermal diffusion method, the complexity and bulkiness of the equipment, in hot-dip galvanizing large zinc consumption and hydrogen embrittlement of the coating, in cold galvanizing the low durability of the coating and its sensitivity to mechanical effects, gas-thermal coatings, porous. And only zinc coatings produced by an electrolytic method are less fragile, are sufficiently plastic, have good adhesion to the base, it is possible to control the coating thickness, lower zinc consumption (saving 50%), high performance of the method, the ability to obtain brilliant zinc coatings with decorative character 2 .
As proof of the above, the authors 3 investigated the electrolytic galvanizing of bearing rings of the electric wire of constant and alternating current. When using reverse current, a technological algorithm was developed for the galvanizing process (current density, duration, electrolyte temperature, anode consumption, coating thickness) of the bearing rings with improved coating structure and reduce its roughness, as well as increased galvanizing process performance.
The authors 4, 5, 6 investigated the process of obtaining zinc coatings from sulfate electrolytes in the presence of SAS (polyethylene polyamine, 3-o-chlorovinylmethylene-5-phenyl-3n-furan-2none), using improved electrodeposition technology. Modernization of the sulfate electrolyte composition was carried out by preliminary phage sedimentation of zinc. It is established that the synthesized organic compounds SAS adsorbed on the surface of the electrode during its cathodic polarization, increasing the overvoltage of the crystallization process and creating conditions for the formation of the fine crystalline structure of the zinc coating.
Electrodeposition of zinc from an electrolyte solution containing zinc sulfate, sodium sulfate and potash alum as the main components, as well as various SAS, both separately and in a mixture, produces high-quality zinc coatings. By electron microscopy, the formation of light gray, matte, uniform coatings with good adhesion to the protected surface, on coatings, some gloss is acquired, the structure of the coating is significantly ground, its porosity decreases 7, 8, 9 .
The authors of 10 have patented the method of electrolytic galvanizing of metal products on a processing line consisting of a reem. By the method of centrifuging and drying products, it becomes possible to initially transfer products from the first centrifuge to the second centrifuge. The centrifugation method helps to obtain high-quality zinc coatings.
The electrolyte of bright galvanizing containing in% is patented: zinc sulfate-10-20; sodium sulfate -8-10; bone glue -0.2-0.25; infusion of poplar fluff -0.5-0.7. Distilled water electrolyte by the authors brought to the specified volume. The process of electrodeposition is carried out at a temperature of 20-350°C and a high-quality zinc coating is obtained 11 . Studies by other authors [12] [13] [14] [15] [16] [17] [18] [19] [20] are also devoted to the effect of various surfactants on the quality, brilliance and anti-corrosion properties of zinc coatings obtained from electrolytes of different composition and used in various industries.
purpose of the study
The purpose of the research was to obtain high-quality coatings of zinc obtained from simple sulfate electrolytes containing SAS, both separately and in a mixture, under optimally selected modes of the electrodeposition process (temperature, current density, time).
EXpERIMENTAL

MATERIALS ANd METHOdS
Components for the preparation of electrolyte galvanizing used brand "hch": sodium sulfate, zinc sulfate, aluminum sulfate (or aluminum potassium alum). Soda was used to degrease electrodes, 0.1N sulfuric acid solution was used to pick up electrode surfaces before the experiment, ethyl alcohol, SAS (sulfamic, citric acids, thiourea, hexamine) were used to dry the electrodes. Cathodes steel plates, anodes of electrolytic zinc.
Before applying the zinc coating, steel samples were machined with an emery paper of increasing numbers to remove roughness, degreased with soda or Eshka mixture, repeatedly washed with distilled water, dried with alcohol, weighed on an electronic scale. Through the surface of steel cathodes and a given current density (from 1 to 3.5 A/dm 2 ), the current strength was calculated to be fixed on the ammeter. The temperature was measured with a conventional thermometer. The structure of zinc coatings was studied with an electron microscope. According to the difference in the mass of deposited zinc and theoretically calculated by the Faraday law, the calculated output current (BT) was in %. As the galvanizing process was carried out, the electrolyte was adjusted by injection of a small amount of sulfuric acid into the electrolyte at a temperature of 20°C to maintain the pH in the 3.5-4.5 range. The porosity of the zinc coating was determined using filter paper, moistened in solution (10 g of potassium ferrocyanide and 15 g of sodium chloride in 1l of water) by putting a paper on the sample surface. If there are pores in the zinc coating on paper, the blue dots of Turnbull blue should be printed. According to the number of printed pores per 1 cm 2 , the porosity was calculated in %. Obtaining of zinc electroplating was carried out on the installation consisting of an electrolyzer, ammeter, rheostat, the constant current source with a total voltage of 220V. current densities on the coating, scorching occurs. Current output in electrolyte with SAS is higher (98%), in comparison with electrolyte without SAS. Zinc coatings obtained at current densities of 2-2.5A/ dm 2 , can meet the requirements for the protection of products against corrosion. Table 1 shows the appearance of zinc coatings obtained from an electrolyte without SAS, W.
RESULTS ANd dISCUSSION
The appearance of zinc coatings does not meet the required quality: coatings are coarsecrystalline, dark and gray, at higher current densities exfoliate, with burns along the edges. The share of the volume of blue points of Turnbull blue in the total volume of the porous coating is rather high. Such a structure of zinc coating does not contribute to the effective protection of the product from corrosion, penetration of corrosive medium to the surface of the product through the pores and the flow of corrosion through the electrochemical mechanism with the destruction of the product under a protective coating is possible. The current output is low (91%). Table 2 shows the appearance of zinc coatings obtained from an electrolyte with the addition of a mixture of citric acid and hexamine, W.
The table shows that the presence of a SAS mixture in the electrolyte has a positive effect on the quality of zinc coatings, coatings are lighter, more dense and crystalline, blue dots of turbulence blue are not imprinted on filter paper, gloss appears at a current density of 2.5A/dm 2 , however, with increased Table 3 shows the appearance of zinc coatings obtained from an electrolyte with the addition of a mixture of hexamine and thiourea, W. The table shows that the presence of SAS in the electrolyte affects the quality of zinc coatings, coatings are light gray, but not dense, at a current density of 2.5A/dm 2 , denser, non-porous, however, at high current densities, zinc coatings darken, exfoliate and fall off. The current efficiency in the electrolyte is higher compared to electrolyte without SAS.
Comparing the results of Tables 1-3, it is safe to say that effective SAS are: a mixture of citric acid and hexamine, a mixture of hexamine and thiourea. Zinc coatings are light, crystalline, nonporous, with shine. However, the current density limit for obtaining high-quality coatings is limited to 2.5A/ dm 2 . Higher current densities make it impossible to obtain high-quality zinc coatings. at a current density of 2A dm 2 , recorded with an electron microscope.
From the above image, the crystalline structure of the zinc coating is seen. The coating is dark, visible porosity, roughness. This coating may not contribute to the effective protection of the product against corrosion.
The second image shows the structure of a zinc coating obtained from an electrolyte with the addition of SAS citric acid and hexamine.
From the figure, a significant lightening of the zinc coating is clearly visible, the coating is denser, no pores are observed. It can be assumed that such a coating will reliably protect the product from corrosion.
In the figure we see a light coating, fine crystalline and non-porous. Comparing the quality indicators of zinc coatings recorded with an electron microscope in Fig. 1,2,3 , we can say with confidence that the zinc coatings we obtained, with selected surfactants, are a non-porous, dense, compositionally appropriate zinc coating that can withstand corrosive effects. Based on these tables Based on the position of the adsorption theory of electrocrystallization of metals, it can be assumed that the combined action of SAS under the conditions of zinc electroplating contributes to shielding the surface of the protected product and creates conditions for obtaining a fine-crystalline, dense, non-porous zinc coating. In the case of a mixture of thiourea and urotropine, sulfide sulfur seems to have an inhibiting effect, and in the case of urotropine and citric acid, bound nitrogen.
Comparing the results obtained by us on the quality of zinc coatings with the results given in the analytical review (introduction), we can say with confidence that our zinc coatings are not inferior in quality to those obtained by other authors. They are distinguished by the simplicity of the composition of the electrolyte, the mode of the process and the low cost of surfactants.
